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In this study, the changes in the physico-chemical properties of different high amylose maize starches, 28 i.e., Hylon Ò VII, Hylon Ò V and IM-DS acetate starch, were studied prior and after heat treatment used 29 in the preparation of film coatings (WO 2008/012573 A1). 30 Characterisation of the unprocessed maize starches was carried out with regard to the outer particle 31 morphology, particle size distribution, specific surface area, moisture content, apparent particle density, 32 swelling, polarised light microscopy, Fourier Transform Infrared (FT-IR), X-ray powder diffraction and 33 modulated Differential Scanning Calorimetry (mDSC). Pure amylopectin and low amylopectin samples 34 (LAPS) were also used to aid the results interpretation. The effect of heat processing was evaluated in 35 terms of degree of crystallinity, FT-IR and mDSC. Enzymatic digestibility of both processed and unpro- 36 cessed maize starches was estimated qualitatively using various a-amylases resembling those present 37 under in vivo conditions. 38 A significant decrease in the degree of crystallinity of the dried samples after processing was observed, 39 in particular for amylopectin. Only LAPS and Hylon Ò VII samples showed differences in their thermal 40 behaviour upon heat treatment, thus suggesting that a minimum amount of amylose is required for an 41 effect to be detectable. High amylose starches maintained a well-ordered arrangement of their macromo-42 lecular chains, as was seen by X-ray and FT-IR studies. This effect could be explained by a formation of 43 retrograded forms of the starches. The retrograded starches were found to be less digestible by various 44 types of amylase, in particular those found in the upper intestines, indicating that the formation of a 45 butanol complex as claimed elsewhere is not essential in the preparation of colon delivery devices. 46 
Introduction
50
Starch is, after cellulose, the most abundantly distributed carbo-51 hydrate in the plant world. It occurs in cereals and vegetables in its 52 native form and is stored in both granular and amorphous forms. been shown to be promising pharmaceutical excipients [4] [5] [6] and 71 suitable additives for the food industries [7] . 72 In the present study, high amylose starches with varying amy-73 lose contents were characterised before and after heat treatment. Fig. 1C ). Particles appear to be larger com-305 prising a very irregular surface and porous inner structure.
306
Modification of the starch particles morphology through acetyla-307 tion has been previously described by Singh et al. [7] . Starch acet-308 ylation involves the treatment with high concentrations of organic 309 acid anhydride and alkaline reagent in a one-step process [12] . their FT-IR spectra after heat treatment (see Fig. 5 and Table 2 ). This could be due to the fact that LAPS granules have the lowest 479 amylopectin content (see Table 1 ), but also a highly ordered crys- Table 3 ).
523
After heat treatment at 80°C (see Section 2.8) the X-ray pat- Table 4 ). The degree of crystallinity of the processed 527 starches now increased slightly with an increase in amylose con-528 tent. IM-DS acetate starch was found to be fully amorphous after 529 the heat treatment, which can be contributed to its lower gelatin- ) of unprocessed and heat-processed maize starches in the infrared spectra. For I, II and III see Fig. 7 .
Starches
Peak position (cm 
